This paper analyses the effects of public funding of higher education on welfare. It takes into account the hierarchical nature of the educational system and also the fact that parents have the possibility to complement basic public education with private expenditures in individual tutoring.
Introduction
In 2010, public expenditure on higher education was 0.9% of GDP in Colombia, 1.3% in Ecuador and 1.4% in Ghana (World Bank 2012). For OECD countries, the average value for public expenditure on higher education as a percentage of GDP was in 2009, 1.1%, with a minimum of 0.5% for Japan and a maximum of 1.8% for Denmark (OECD 2012) . In some countries like India or Malaysia this value is even higher than public expenditure on primary education. However, since the initial contribution of Hansen and Weisbrod (1969) , a consensus was built in the economic literature that public funding of higher education implies a redistribution of income from poor to rich people, or at least from the ends (both poor and rich) to the middle. 1 This is mainly a consequence of the fact that students from high income families are more likely to attend higher education. On average, for OECD countries higher education participation rates are fourfold higher for a young person with at least one parent who has a tertiary degree than for a young person whose parents have not attended secondary education. Thus, the large amounts governments all around the world spend on higher education seem to imply a redistribution in the wrong direction.
This paper aims to study the effects of the public funding of higher education on the welfare of the different agents, focusing on those agents whose decision of sending or not their child to the University depends on public funding policy. 2 To this end, I compare different levels of higher education subsidies taking into account the hierarchical nature of the educational system and also the fact that parents have the possibility to complement public education with private expenditures in individual tutoring. This possibility seems to be relevant in many countries, both developed and developing ones. According to the PISA 2009 dataset, the percentage of 15 years old students have out-of-school lessons is, for the case of Mathematics, 70% for Brazil, 86% for Tunisia, and 48% for the average of OECD countries. In Kenya, according to the Uwezo Report (2011), 20% of 1st grade students in public schools paid for extra tuition, for 8th grade students the number raises to 73%.
I establish the characteristics of those agents whose welfare increases and those agents whose welfare decreases with the public funding of higher education. I consider pure private funding, pure public funding and a mixed system where a percentage of the University cost is privately supported with the remaining being publicly supported. Note that what is relevant for the results in this paper is not who is the provider of higher education but who finances it. Public funding is financed by income taxes that apply to the whole population.
There are already many papers that use a Political Economy approach to study how the public funding of higher education may be the result of the political process. Important examples are Creedy and François (1990) and Fernández and Rogerson (1995) or, more recently, Zhang (2008) and Gioacchino and Sabani (2009) . Here, however, I follow Glomm and Ravikumar (2003) approach; I take policy as given and look at its implications.
De Fraja (2002) gives a complete theoretical characterization of the most efficient funding of higher education. However, he is not worried with the questions asked in this paper relative to access and welfare. Closer to the questions addressed in this paper, Caucutt and Kumar (2003) study the effects of increasing higher education subsidies on inequality, welfare and efficiency. They solve their model numerically for the US case and obtain that, when present, the aggregate welfare gain is minimal. They also calculate the welfare gain for the two types of agents present in their model: poor (school educated) and rich (college educated). In any of the policy alternatives studied the rich lose and the poor gain. This would indicate that subsidizing higher education benefits the poor, implying a redistribution in the right direction, which goes against the literature consensus. However, this is an aggregate measure for all parents of a given type, obtained as an expected gain from the policy and without discriminating between those who send their child to college and those who don't. In this paper, I calculate the welfare gain for each of a continuum of different parents distinguishing between those who decide to send their child to the University and those who decide not to send. I focus exactly on those whose decision depends on the subsidy level. The simplicity of the model allows to obtain general analytical results.
I take into account the hierarchical nature of the educational system. Although usually absent from economic analysis, this aspect is very important for the study of higher education as it implies that only those that attain a minimum level in basic education are able to go to the University. 3 Thus, higher education is never a good of universal access, even if it is free. In 2011, the average value of the entry rate in tertiary education was 72% for high income countries, and 24% for low and middle income countries (World Bank 2012). The access to higher education is always limited and there is evidence that the main barrier in the access to University is not the lack of financial means but the failure to attain the educational prerequisites required to access University. "...ample evidence from the United States suggests that true credit constraints are not a binding issue in the admission to higher education in the vast majority of cases (cf. Carneiro and Heckman 2003; Cunha et al. 2006) . Rather, the fact that students from disadvantaged family backgrounds have a much lower probability of entering University seems to be caused by a lack of early educational investments which deprive these students of the basic prerequisites to advance to University. If this is true in the United States, where colleges and universities charge substantial private fees, then it seems that it is even more relevant in Europe, where higher education is mostly publicly funded" in Woβmann and Schutz (2006, page 24) For Australia, Cardak and Ryan (2009) obtain that what explains the socioeconomic gap in participation in higher education is the gap in finishing secondary education or, for those students that complete secondary education, the dependence of the secondary education final grade on students socio-economic background. The secondary education final grade determines if the student is eligible to attend University.
These empirical findings motivate a crucial assumption of the model presented in this paper, that there is a threshold level of human capital that must be attained for students to be able to advance to higher education. This assumption will have important implications for the comparison between the different funding systems.
In this paper, basic education is free and of universal access but parents have the choice to complement public basic education with private expenditures in individual tutoring or private classes. Thus, in what refers to basic education I follow Epple and Romano (1996) in considering that public funding may be supplemented by private-market purchases. This private expenditure may be used to obtain access to higher education even in a public funding environment.
Finally, a remark to say that this paper is about the funding of higher education, not the funding of research conducted by universities. So, the arguments presented by Birdsall (1996) regarding the public nature of this activity of higher education institutions do not apply in the present analysis. Also, I do not look at public funds spent on basic education or at policy decisions related to the quality of basic education. I focus on higher education taking as given the outcomes of basic education.
Section 2 presents the model, section 3 compares different funding systems in what refers to access to higher education. Section 4 looks at welfare. Section 5 considers an alternative funding system that approximates a higher education tax. Section 6 concludes.
The model
Each agent has one offspring whose education he decides taking into account her ability. Agents are heterogeneous in what refers to the level of human capital they receive from their parents and also to the ability with which they are born.
There are two levels of education: basic (B) and University (U ). The access to basic education is universal (and free) but only those who attain a predefined threshold are able to advance to University. So, the model takes into account the hierarchical nature of the educational system (see for instance Su, 2004 and Judson, 1998) . In what refers to higher education I consider three alternatives: pure private funding, pure public funding and a mixed system where part of the cost is privately supported. Note that the distinction between public and private higher education refers only to who pays for it. 4 The utility of agent i depends on own consumption and on the level of human 4 All universities are equal as I abstract from quality considerations.
capital of his offspring (h i +1 ).
This follows de la Croix and Doepke (2004) and is equivalent to Glomm and Ravikumar (1992) . As usual in the literature I consider that each individual income is given by his level of human capital. 5 All decisions are made by adults. The accumulation of human capital depends on the parent's level of human capital and on the offspring's ability (z). I assume that ability is known at the moment the decision is taken of advancing or not to higher education. This is in line with de Fraja (2002) , who considers that there is uncertainty on ability but the realization is known before higher education choices are made. After basic education, to which all children attend, the level of human capital is given by:
where I omitted the index i to simplify notation. 6 The level of human capital of the offspring depends on the parent's level of human capital. This assumption is usual in the literature and it is deeply founded on empirical findings (see for instance, Carneiro and Heckman, 2003) .
If this level of human capital is higher than a predefined threshold h, then the agent may decide to send the offspring into University. Otherwise, the offspring does not fill the needed prerequisites to advance to University and h B , given in (2) , is the final level of human capital that she takes to the next period unless, as explained below, parents invest on private tutoring. The existence of a minimum threshold is an important assumption of the model. This is a characteristic that distinguishes higher education from basic education.
If the offspring goes into University, then the level of human capital she will have as an adult is h U , given by:
γ is the productivity parameter in higher education. It is larger than one as higher education builds on the outcome of basic education. Parents have also the possibility of complementing public basic education with private tutoring, e, in order for the offspring to attain the threshold level h that determines the possibility of attending University. The level of human capital attained by combining basic education with private tutoring (h e ) is given by, h
where ε is a productivity parameter for private tutoring. As is the case with higher education, tutoring builds on the outcome of basic education. This formulation implies that for any e > 0 we obtain h e > h B .
5 See for instance Ravikumar (1992, 2003) or de la Croix and Doepke (2004) . In what refers to the utility function, including the human capital of the offspring is equivalent to assuming that parents value the wealth they pass to their children. On this, see footnote 2 in Glomm and Ravikumar (1992) . 6 Considering diminishing returns to ability would not change the results of the model.
I assume that the only role of tutoring is to allow the access to the University but that it does not change the return to education once the student sits in University classes. 7 Thus, when the agent incurs this expenditure he chooses the exact amount that allows the attainment of the threshold, h e = h. So, from (2) and (4), tutoring is given by:
According to (5) the cost of the necessary private tutoring decreases with the student ability and with the parent human capital. If these are too low it becomes too expensive to pay for the private tutoring.
Thus, after all the decisions related to education, the offspring's human capital will be,
if the offspring does not go into University h U +1 = γzh δ if the offspring goes into University (6) Note that choices about the level of education are discrete, a student may do only basic school or she may go on to University, but if going to University she graduates. 8 Also, quality choices are not considered, all basic education is equal, all higher education is equal.
To study the agents' choices I now look at the costs of higher education. The following sections consider pure public, pure private and mixed funding of higher education and compare the results in what refers to access and welfare.
3 Funding and Access to higher education I begin this section by characterizing separately the different funding systems, then I compare these systems in terms of the access to higher education.
Pure public funding
When there is pure public funding, higher education is free for private agents and is paid by the government with the revenues of a proportional income tax at rate τ . Thus, in this case the budget constraint of any given agent is:
7 I could assume instead that tutoring always increase the child final human capital or, alternatively that tutoring increase the final human capital of all students who go into the University. In the first case everyone would invest in tutoring, the amount of investment increasing with h and z. In the second case the same would happen but only for those agents who send their children to the University. In both cases, the model qualitative results would not change as the important point is that there are always some agents who make an extra investment as a means to gain access to the University. 8 Galor and Zeira (1993) have shown that the characteristic of indivisibility of human capital investment in the presence of credit market imperfections implies that the initial distribution of wealth affects aggregate output and investment in the short and the long run. In this paper there are implicit credit market imperfections as agents may only spend current income.
where education expenditures are taken to be tax deductible. 9 All the decisions are taken by parents. Students accumulate human capital according to parents' decisions. Parents maximize utility (1) subject to (7) and the education technology defined by (6) , the threshold h and the possibility of private tutoring as described by (5) . Agents take τ as given. 10 There are three types of solutions. In the first one, which I label U , the student is able to go to the University without the need of private tutoring. A second type of solution, which I label U T , happens when after basic education the student does not attain the threshold h but the parent pays private tutoring in order for the student to advance to University. Finally, the last type of solution, which I label B, happens when the student does not go to the University, so her final level of human capital is the one that results from basic education. When possible, U is the best solution. In this case it is always optimal to send the student to the University, as there are no additional costs. 11 When U is not possible, which solution -UT or B -maximizes utility depends on the characteristics of the agent, namely income and student's ability.
The next table characterizes the three types of solutions, where the subscript G stands for a solution in the context of pure public funding. Table 1 : solutions with pure public funding of higher education
Any parent may be characterized by a value for his income, h, and a value for his offspring ability, z. Thus, we may define in the space (h, z) regions where the corresponding agents have optimal solutions of types U , UT or B.
If h B +1 ≥ h, that is, if after basic education the minimum threshold h is attained, then, U is possible. In this case, U is always the optimal choice. From (2) this implies that an agent sends his offspring to the University without paying any private tutoring if:
For those agents who don't satisfy the above condition the choice is between solutions U T and B. The agent chooses to pay for private tutoring if utility for solution U T is higher than utility for solution B. Taking into account the utility function (1) and the values for consumption and human capital as described in Table 1 , we obtain that:
9 Note that the agent is not able to use the returns to investment on education as these belong to the offspring. So, there are implicit credit market imperfections in the model. 10 In equilibrium τ must be such that tax revenues are equal to expenditure on higher education. I will come back to this point below.
11 There might be opportunity costs if the student could be working instead of studying. I do not consider these opportunity costs. Maintenance costs may be included in the tuition, as long as they are independent of income and ability.
Substituting with the value of tutoring as determined in (5), we obtain that the agent pays private tutoring, e > 0, and sends the offspring to University if (8) is not verified and:
Below this line agents don't send their offspring to the University. As the second term in the right side of (10) is a positive number smaller than one, this curve is always below the curve defined in (8) . Figure 1 shows the regions that correspond to each type of solution. 
Mixed and pure private funding
In the case of mixed funding the tuition covers part of the University cost, the remaining being supported by the public budget. In the case of pure private funding the tuition covers the whole University cost. All universities have the same cost x and imply the same return to education as defined in (3). So, I abstract from considerations related to the choice of quality in higher education. Let φ be the percentage of total University costs that is supported by the tuition, so that an agent that sends his offspring to the University pays φx t .
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The next table characterizes the three types of solutions, where the subscript M stands for a solution in the context of mixed (private and public) funding. 
where τ φ is the tax rate needed to pay the part of University costs supported by the public budget, as defined below.
Definition 1 Let τ φ = f (φ) be the level of the tax rate for a mixed funding system characterized by φ, that guarantees that in equilibrium tax revenues are equal to public expenditure on higher education. ∂f /∂φ < 0, f (1) = 0, f (0) = τ .
The subscript φ emphasizes the fact that the size of the tax rate depends on φ. To be able to fully characterize the function f (φ) I would need to describe the distribution of h and z, as these characteristics determine which agents continue to higher education and so, determine the total amount of higher education costs. However, it is always the case that the larger the φ, the lower the tax rate, as the percentage of total costs supported by public funds decrease and it will be shown that when φ increases less students go to higher education decreasing total costs with higher education. This property is enough to derive all the results presented below. Notice that for φ = 0 we are back in the case of pure public funding of higher education, described in Table 1 . For pure private funding φ = 1 and τ = 0, as in this case there is no need for public revenues to fund higher education.
I solve for the mixed funding of higher education and then the solution for private funding is obtained considering φ = 1 (and τ = 0). For both pure private funding and mixed funding of higher education, the comparison between solutions of types U and B implies that for agents who attain the threshold h, there is still a decision to be taken. These agents don't need to pay private tutoring but they must decide if they want to pay the tuition.
Taking into account the utility function (1) and the values for consumption and human capital for solutions U and B, as described in Table 2 , we obtain that an agent who verifies condition (8) decides to pay the tuition if:
Which implies that,
Thus, for those agents who are able to send their offspring to the University without paying for tutoring, the decision of sending or not their offspring to the University only depends on income, not on their ability. 13 Only those agents with high enough income find it optimal to pay the tuition. For lower values of h the optimal solution is of type B.
For those agents whose offspring do not attain h the decision is to pay e and φx t or not send their offspring to the University. As tutoring costs depend on the student's ability, z, for these agents the decision depends on both h and z. For (h, z) below the line defined in (8), the agent compares solutions UT and B. Taking into account the utility function (1) and the values for consumption and human capital for these solutions as described in Table 2 , we obtain that,
Substituting with the value of e given in (5), this implies that the agent pays for tutoring, e > 0, and sends the offspring to University if (8) is not verified and :
Below this line the optimal solution is B; the student does not advance to higher education. Figure 2 combines the results obtained in conditions (12) and (14) and shows the regions that correspond to each type of solution for the mixed funding case. Notice that the curve defined in condition (14) crosses the line that determines the possibility of going to the University without tutoring, defined in (8), for h = φxγ ρ / (γ ρ − 1), the threshold level obtained in (12) . Thus, the lines defined in (12) and (14) cross the curve defined in (8) at the same point. When φ decreases the vertical line moves to the left and the curve that separates U T from B goes down. Thus, as φ decreases, decreasing the private contribution to University costs, access to higher education increases.
Clearly the number of agents who go to University is maximized for φ = 0, the case of pure public funding. Also, even if there are no private costs attached to higher education, there is a set of agents who don't advance into it. Moreover, the poorer a family is, the more likely it is that this happens. This is in line with empirical observations, namely with the conclusions of Carneiro and Heckman (2002) and Cardak and Ryan (2009) that the main justification for the income gap in the access to higher education is not short-run financial constraints but must lie on earlier educational achievements. When higher education is free, the justification for the income gap on access is related to the minimum threshold, h. This shows how relevant it is to take into account the fact that only those who attain this minimum threshold are able to advance to higher education. The reason why the likelyhood of not attending higher education is higher for the poorer is that the level of human capital of the student depends on her parent's level of human capital which determines income. In the model human capital totally determines income, in the data income is highly correlated with education. Note also that the curve that determines who is willing to pay for tutoring in this case, given in (14), is -for any φ > 0 -above the curve that determines who is willing to pay for tutoring in the case of pure public funding of higher education, given in (10) . This implies that when agents also have to pay the tuition they are less willing to pay for tutoring and so, the set of agents who chooses to pay for tutoring is smaller in this case. Moreover, the larger the tuition (larger φ), the smaller is the set of agents who chooses to pay for tutoring.
Access to higher education for different values of φ
Proposition 3 looks at agents' decisions under each funding system and characterizes the set of agents who never send their offspring into University, those that always do and those for whom the decision depends on the value of φ.
Proposition 2 i) Those agents characterized by a pair
don't send their offspring to the University in either funding system. 
ii) Those agents characterized by a pair
send their offspring to University.
Proof. The inequality in part i) of the Proposition is the same condition as in equation (10) but with the opposite sign and separates the sets U T G and B G in Figure 1 . For φ = 0, this is the condition that determines which agents don't send their offspring to the University. For φ > 0, the relevant conditions are (14) and (12) . As the set determined by these two conditions is above (10), for any φ > 0, those pairs (h, z) that are below the line defined in (10) are also below the line defined by (14) and (12), shown in Figure 2 . Thus, below this line agents don't send their offspring to the University in either system. This proves part i) of the Proposition.
In part ii) of the Proposition, the first inequality is given in (12) for φ = 1 and the second in (14) , also for φ = 1. As seen above (12) results from imposing u(U M ) > u(B M ), for agents who satisfy (8) , and (14) results from imposing u(UT M ) > u(B M ), for agents who don't satisfy (8) . If a pair (h, z) is above these lines for φ = 1 it also above these lines for any φ < 1. Thus, if the agent is in the region above (14) and to the right of (12) he sends his offspring to the University for φ = 1 and also for any φ < 1.
For φ = 0, condition (10) determines which agents send their offspring to the University. The line defined by (10) is below the line defined by (14) , for any φ > 0. This proves part ii) of the Proposition.
Part iii) of the Proposition considers the pairs (h, z) that don't satisfy the condition in part i) nor the conditions in part ii). The first inequality is given in (12) and results from imposing u(U M ) > u(B M ), for agents who satisfy (8) , and the second inequality is given in condition (14) and results from imposing u(UT M ) > u(B M ), for agents who don't satisfy condition (8) . Figure 3 identifies the regions characterized above. Regions A (A 1 and A 2 ) correspond to the set defined in Proposition 2, part iii), that is, correspond to those agents for whom the decision of sending their offspring to University depends on the value of φ. These agents send their offspring to University if there is pure public funding of higher education but not if there is pure private funding. A 1 corresponds to those agents who don't need to pay for tutoring and region A 2 to those that do. Regions A 1 and A 2 refer to agents for whom the decision of sending their offspring to University depend on φ. Region B refers to agents who never send their offspring to University and regions U 1 and U 2 refer to agents who always do.
As shown in Figure 2 , access to the University increases when φ decreases. Thus, a government that wants to maximize access should choose φ = 0. But, as we saw this would not close the gap between rich and poor in the access to higher education, which is line with the empirical results of Carneiro and Heckman (2003) who defend that to reduce this gap countries need to invest in basic education.
This analysis emphasizes that only for a set of median agents -in terms of ability and income -does the decision of sending their offspring to higher education depend on the existence and depth of public funding of higher education. For the extremes of the population the value of φ does not change this decision.
However, even for those agents who gain access to University this does not imply that their welfare is higher under public funding of higher education as there are also costs associated with this funding system to be considered: taxes and, for those agents who need it, tutoring. So, now I compare the level of utility under each funding system for each type of agent.
Welfare: who gains, who loses?
This section answers the question asked in the title of the paper, using the framework developed in the previous sections and beginning with the set of agents for whom access to higher education depends on the funding system. First, for each value of φ, I look at the welfare of the marginal agent, where marginal refers to access, as defined below. Then, I extend the analysis to all agents whose decision depends on the value of φ. Finally, I look at the agents in the extremes of the distribution. Proposition 8 summarizes the results: it characterizes the set of agents who have higher welfare under pure private funding than under a mixed system defined by a given value of φ.
Definition 3 For any φ ≥ 0, marginal agents are those who are indifferent between sending or not sending their offspring to higher education.
Lemma 4 looks at the welfare of the marginal agents for a given level of φ and compares welfare for that level of φ, and for pure private funding, (φ = 1).
Lemma 4
For any value of φ, φ, such that 1 > φ ≥ 0, the marginal agents have higher welfare under pure private funding of higher education, φ = 1, than with a system of mixed funding characterized by φ = φ.
Proof.
i) For the marginal agents who satisfy condition (8), solutions of types U
and B give the same utility and thus condition (12) is verified in equality. Thus, for those agents,
And, for any τ > 0, it must be that,
where the subscript R refers to the solution in the context of pure private funding. Substituting with the previous condition we obtain that,
Thus, these agents have higher welfare for φ = 1.
ii) For the marginal agents who don't satisfy condition (8) , solutions of types U T and B give the same utility and thus condition (14) is verified in equality. Thus, for those agents,
Substituting with the previous condition we obtain that,
Consider those agents who would not go into University if the tuition was marginally higher. These are also agents for whom the utility from going into University is just marginally higher than the utility of not going. As they are obliged to pay taxes, it is their best choice to pay the remaining cost of higher education φx , or φx + e, and advance to University. However, if they could choose, these agents would always prefer not to go to University and not to pay taxes nor tuition.
I now extend the result of the previous Lemma to a neighborhood of the set of marginal agents.
Proposition 5 For φ = φ, such that 1 > φ ≥ 0, consider the set of agents who send their offspring to higher education for φ = φ but not for φ = 1, that is these agents characterized by a pair (h, z) such that, h > φxγ
14 There is a non-empty subset of this set of agents characterized by,
who have higher welfare for φ = 1 than for φ.
1.
i) Consider first those agents who satisfy conditions (15) and (8): these agents choose the solution of type U for φ = φ and the solution of type B under pure private funding. Thus, for these agents to have higher welfare for φ = 1 than for φ, it must be that,
Taking into account the solutions described in Table 2 , this implies that
which implies the first inequality in condition (16) , for φ > 0. For φ = 0, none of these agents have higher utility for φ = 1 than for φ.
ii) Consider now those agents who satisfy condition (15) but don't satisfy condition (8): these agents choose the solution of type U T for φ = φ and the solution of type B under pure private funding. Thus, for these agents to have higher welfare for φ = 1 than for φ, it must be that,
Next, take into account the value of e as determined in (5) and obtain,
which, after some calculations, implies the second inequality in condition (16) .
iii) To see that this set is non-empty compare the expressions in the right side of both inequalities in (16) with the corresponding expressions in the first line of (15) . The curve defined in (16) is above the line defined by the first two inequalities in (15) , for any τ > 0 and φ > 0. For φ = 0, the condition in (16) is above the corresponding expression in the first line of (15), for any τ > 0.
Moving from a pure private funding system to a mixed funding system always implies that there is a non-empty set of agents who gain access to higher education but whose welfare decreases. If everyone pays to fund higher education through income taxes, there are always some people for whom the increase in (their offspring') income obtained from going to the University is not enough to compensate their current consumption loss implied by taxes. For these people no taxes and no higher education would imply higher welfare. This is more probably the case for those agents who benefit less from going to University because of lower ability and/or lower parents' human capital. Figure 4 shows the set of agents who gain access to the University when the economy changes from a pure private funding system to a public funding system but that however, see their welfare decreased. Note that the lines defined by conditions (14) and (16) intersect for h = x(1 − φ)γ ρ (1 − τ ) /τ, but both curves are always above condition (10) that defines the set of agents who never go to University. Figure 4 : Agents who gain access to higher education but lose in welfare terms.
The shaded areas refer to agents who gain access but whose welfare decreases. The left panel compares φ = 1 and φ = 0. The right one compares φ = 1 and 0 < φ < 1.
Next, I look at welfare for the extremes of the distribution. The following Lemma looks at those agents who never send their offspring to the University whatever the funding system -region B in Figure 3 .
Lemma 6 Those agents characterized in part i) of Proposition 2 don't send
their offspring to the University in either funding system. All these agents have the highest welfare in the pure private funding system and their welfare decreases when φ decreases. Tables 1 and 2 and note that τ φ increases when φ decreases.
Proof. Compare solutions of type B in
For those agents who don't send their offspring to University in any case, welfare is clearly higher under pure private funding of higher education. This happens because with public funding they have to pay taxes although they never use the higher education system. So, their preferred value of φ is 1. This is just a consequence of the fact, already recognized in the literature, that public funding of higher education implies a redistribution from those that don't attend higher education to those that do. As students from high income families are more likely to attend higher education, this implies a redistribution of income from poor to rich people, The next Lemma considers those agents who send their offspring to University in any funding system -regions U 1 and U 2 in Figure 3 -and compares welfare for pure private funding (φ = 1) and a mixed funding system characterized by φ = φ.
Lemma 7 Those agents characterized in part ii) of Proposition 2 send their
offspring to the University for any value of φ. These agents have higher welfare with φ = 1 than with φ = φ, such that 1 > φ ≥ 0 if,
1.
i) Consider first those agents characterized in part ii) of Proposition 2 who satisfy condition (8): these agents choose the solution of type U for any φ. Thus, for these agents to have higher welfare for φ = 1 than for φ, it must be that,
which implies the first inequality in condition (17) .
ii) Consider now those agents who don't satisfy condition (8): these agents choose the solution of type U T for any φ. Thus, for these agents to have higher welfare for φ = 1 than for φ, it must be that,
Next, take into account the value of e as determined in (5) and obtain, after some calculations, the second inequality in condition (17) .
For those agents who always send their offspring to the University without the need to pay tutoring welfare may be higher under pure private funding than under a partial public funding of higher education depending on their level of income. This happens because with public funding (partial or total) they have to pay taxes, which are proportional to income, but they only pay for part of the fixed University tuition while under private funding the opposite happens. As taxes are proportional to income, the richer pay more taxes and if they are rich enough they prefer to pay the tuition. So, the richer they are, the more likely they are to prefer pure private funding.
Those agents who always send their offspring to University but that need to pay private tutoring spend the same amount with tutoring in both funding systems. However, as I consider these expenditures to be tax deductible this must be taken into account when comparing taxes and University tuition. Tax deductions are higher for those agents whose offspring are further away from the threshold value, h. Thus, for those agents who pay for tutoring, the higher their level of human capital, and the higher the ability of their offspring, the more they prefer private funding because, as they spend a smaller amount in tutoring, their tax deductions are also smaller.
Proposition 8 summarizes the results of the previous Lemmas and Proposition 5.
have higher welfare for φ = 1 than for φ = φ.
Proof. The conditions in the first line were obtained in Lemma 7, the conditions in the second line were obtained in Proposition 5. From Lemma 6 we know that all agents characterized by pairs (h, z) that are below the line determined in condition (10) have higher welfare for φ = 1. Any pair (h, z) that verifies the conditions in the second line is also below the line defined in condition (10) . Thus, for all these agents welfare is higher for φ = 1 than for φ = φ. Figure 5 shows the set of agents who have higher welfare under pure private funding than under pure public funding, as implied by the previous Proposition, for φ = 0. Note that, for φ = 0, the lines defined by conditions (14) , (17) and (16) intersect for h = xγ ρ (1 − τ ) /τ , but the three curves are always above condition (10) that defines the set of agents who never go to University.
From the analysis until now, I conclude that although a change from a pure private funding system to a pure public funding system, or more generally to a mixed funding system, always implies an increase in access to higher education, the richer and the poorer prefer private funding and the middle income agents prefer public funding. Moreover, gaining access to University doesn't necessarily imply an increase in welfare. This happens because on one hand, access to higher education increases welfare but on the other hand the fact there is public funding of higher education implies that all agents have to pay higher taxes, which decreases welfare. For the agents identified in Proposition 8 the last effect is stronger than the first one. The shaded area corresponds to agents who have higher welfare with pure private funding than with pure public funding. The white area in the middle corresponds to agents who prefer pure public funding.
A new and important result is that among those who gain access to the University with public funding the poorer among them prefer pure private funding. Thus, when we compare public funding with pure private funding, once we take into account the possibility of complementing public funding of basic education with paid tutoring, there is always a set of agents among those who gain access to the University that would have higher welfare without going to the University and without paying taxes and tutoring. Note that paying for tutoring is an optimal choice for these agents only because they have to pay taxes to fund higher education in any case.
A Different Funding System: higher education tax
Lemma 4 states that with public funding -even partial public funding -of higher education, the marginal agent to access higher education would have higher welfare with a pure private funding system. He would prefer not to send his offspring to University and not to pay taxes. Lemma 6 states that all those who don't send their offspring to higher education in any system prefer pure private funding as when there is public funding of higher education they pay for the higher education of the others. To avoid these problems I now consider a funding system for higher education where agents only contribute for higher education funding if they send their offspring to University. So, agents may choose if they want to be part of the higher education (funding) system. I consider a mixed system similar to the previous one, where φ measures the private contribution for higher education costs but where only those who send their offspring to University pay the taxes that finance higher education. 15 This is a "higher education tax" as it is only paid by those who "use" the higher education system. This also approximates a system where tuition is fixed but there are simultaneously grants that depend on income on such a way that the final amount paid by each agent for higher education depends positively on the households' income.
In this environment there are the same three types of solutions: U when the student goes into University without the need of private tutoring, U T when the student goes to University but for that needs to pay private tutoring and B when the student doesn't go to University. The next table characterizes these solutions, where the subscript O stands for a solution in this context where the agent may opt for University and paying taxes or not going to University and not paying taxes. τ φ O is the tax rate associated to a private contribution φx in this funding system. Table 3 : solutions with a "higher education" tax
In this context, if condition (8) 
where I assume that τ φ O < (γ ρ − 1) /γ ρ . For those agents for whom condition (8) is not satisfied, that is, for those agents who need to pay private tutoring, we compare solutions U T O and B O . Taking into account the value of tutoring as defined in (5) we obtain that these agents send their offspring to University if, Figure 6 shows the regions that correspond to each type of solution. 16 Condition (19) defines a line that crosses (8) at the level of h defined in (18) . The following Proposition compares access to higher education for a given value of the tuition, determined by φ, when public expenditures are financed with a higher education tax or by an income tax applied to the whole population as described in the previous sections.
Proposition 9
For any φ = φ, such that 1 > φ ≥ 0, for the same value of φ, there are more students continuing to higher education when all taxpayers contribute to the funding system than when only those with offspring in higher education contribute to the funding system.
Proof. For φ = 0, condition (19) is always above condition (10). For 0 < φ < 1, condition (19) is always above condition (14) and condition (18) is always to the right of condition (13) . Figure 7 : Access to higher education under a higher education tax and with a generic income tax
The shaded area corresponds to agents who send their offspring to University when all taxpayers contribute to the public funding of higher education but not when only those who benefit from the system contribute to it, considering the same value for φ. Panel (a) is for φ = 0, panel (b) is for 0 < φ < 1.
The following Proposition looks at the welfare of those agents for whom access to higher education depends on the value of φ, for the case of a higher education tax.
Proposition 10
If taxes are paid only by those agents who send their offspring to higher education, then, for any φ = φ, such that 1 > φ ≥ 0, all those agents who send their offspring to higher education for φ = φ but not for φ = 1 have higher welfare for φ = φ than for φ = 1.
Proof.

1.
i) Consider first those agents who satisfy condition (8) : if send their offspring to higher education for φ = φ but not for φ = 1, then they choose the solution of type U for φ = φ and the solution of type B under pure private funding. Thus, for these agents, it must be that,
From Table 2 , solutions B R and B O coincide. Thus u(B O ; φ = φ) = u(B R ). So, we obtain that u(U O ; φ = φ) > u(B R ), implying that these agents have higher welfare for φ = φ than for φ = 1.
ii) Consider now those agents who don't satisfy condition (8) : these agents choose the solution of type UT for φ = φ and the solution of type B under pure private funding. Thus, it must be that, for these agents, u(B R ) > u(UT R ) and u(U T O ; φ = φ) > u(B O ; φ = φ)
We saw that u(B O ; φ = φ) = u(B R ). Thus, u(UT O ; φ = φ) > u(B R ), implying that these agents have higher welfare for φ = φ than for φ = 1.
The main advantage of having taxes paid only by those agents who send their offspring to higher education is that with this system there is no longer a redistribution of income from the poorer to the richer. Moreover, in this case, welfare increases for all those agents who gain access to higher education.
Conclusion
This paper studies the effect of public funding of higher education on the welfare of different agents, focusing on those agents whose decision of sending or not their children to the University depends on public funding policy. The model considers that all decisions are made by parents and takes into account the hierarchical nature of the educational system and also the fact that parents have the possibility to complement basic public education with private expenditures in individual tutoring.
Assuming that public expenditure on higher education is financed through a proportional income tax applied to the whole adult population, I consider three funding systems for higher education: pure public funding, pure private funding and a mixed funding system, where only a percentage φ of the higher education cost is privately supported with the remaining being publicly supported. I obtain that although pure public funding maximizes access to University, moving from pure private funding, to pure public funding or to a mixed funding system, always decreases the welfare of the poorer agents. Moreover, I show that, for any value of φ, the welfare of the marginal agents to access University is always lower than under a pure private funding system. This happens because in the pure private funding system these parents would not send their offspring to University but they would also not pay tuitions nor taxes. Thus, when studying the welfare effects of public funding for higher education, gaining access to higher education doesn't necessarily imply an increase in welfare. The equality of opportunity in access to higher education is the main argument in favor of public funding of higher education. However, it is shown that if all taxpayers contribute to the public funding of higher education then the system is harming those agents who it was supposed to help.
Finally, I consider financing higher education through a higher education tax, meaning that only those who send their children to University contribute to the public funding of higher education. With this funding system, although access decreases relative to the case where all agents contribute to the system, it is shown that all agents who gain access to higher education due to public funding have higher welfare under public funding than with pure private funding. In this case, all income redistribution happens in the right direction and the system increases the welfare of those agents it is supposed to help.
I did not consider any specific distribution of human capital and ability. This implies that the results obtained are valid for any possible distribution of human capital and ability and thus, for any economy.
An important policy implication that results from the analysis in this paper is that funding higher education with a generic tax income that applies to everyone in the economy, including people that don't use the higher education system reduces welfare for those people and also for those that gain access to higher education but for whom the benefit in terms of income change is small. And these tend to be the students with poor earlier educational achievements.
